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SUMMRY

A series of tests were made For the purpose of establi.shhg the
offects of several vsriables in welQ technique on the fatigue strength
of arc+relded ~oints in SAX 4130 seamless steel tu%ing. The mmiables
included.type of electrode, speed of welding, current, position, smount
of preheat, end other factors which in turn controlled the weld contour,
penetration, and depth of the heat+fected zone. A range of joint design
was also investigated.

Fatigue data showed that stress concentrations due to weld geometry

-s
were the predominating factors in detetining endursnce life for welds of
normelly acceptable aircrsft quhity. Freviou8 concepts relative to the
behavior of fillet and lutt welds were confirmed, particularly in regsmd

,. to the superiority of tapered and concam fillets and the deleterious
effects of internal weld defects.

TNTROD?JCTION

Although
plate joints,
variations in
believed that
welded joints

static-tensi~n and bending-fatigue tests
as de~cribed iU reference 1, brou@t out
welding technique on the strength of the

of rnetal-arc+mlded
some effects of
:Oints, it was

more Normaticm could be obtained from fatigue-tests of
in aircraft tubing. With this view, a test specimn was

selected which waa considered r;lated to, though ;ot typic~ of, tubuler
aircraft $oints end which lent itseli’to reversed+tress testing. This
specimen, an SAE 4130 steel tube of l–inch outside diameter welded
perpendicularly to a I/&inch SM 4130 steel plate, was loaded as a rotating ~
cantilever besm to produce msximum alternating stresses-at the circumfer-

- .*
entisl fillet weld joi.dng the tube to the plate.
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h order to obtain the desired variations in weld~ technique, axc-
welded tube-plate spechens were ?nadeunder a wide verlety of welding con- -d
diticms with plain-osrbon-steel end eUoy-steel electrodes, various .5s

degrees of preheat, welding speed, current, position, and heat treatment
after welding. The initial fatigue tests, huwever, indicated quite
definitely that normal variations in erc-weldtng technique, which produced
specimens tith mrying degrees of root penetration, fillet contour, weld-
metal strength (carbon-steelagainst alloy-steel electrodes), and specimen
strer@h (as-welded against heat-treated specimens), could not be analyzed
by the rotery-bending test. The reason for this was that the stress
condition at the toe of the circumferential fillet weld exerted a greater
effect on the fatigue strength then all the factors arising from welding
technique. With few exceptions, all fatigue failures in the tube-plate
specimens occurred at the toe of the fillet weld (mostly in the tube and
occasionally in the plate}. Failures in the weld as a result of porosity,
lack of root penetration, faulty fillet contour, and so forth, were very
rare and then only partially in the weld.

When the results of the initial tube-plate tests were examined, the
fatigue data available were in the form of S-N tables and graphs in which
the stress was the nominal compzted stress, at the toe of the fillet,
resulting frcm cantilever loading. It was thought that the use of the
nominal-stress values was misleading, because it was evident that the
concentrated stress at the toe of the fillet was much higher thsn the
computed nomlmd stress used for the S4 graphs. Since the actual stress
at the Toint of failure could not be deter.nlned,it was decided that the
fatigue strength of the arc--weldedsygcimens should be presented h
comparison with the fatigue strength of “ideal” specimens machined from
the solld. Ih this way the use of the nominal stress could be avoided.

Further work m tube-plate specimens was discontinued, except for a
series of tests on prestressed specimens and shot-peened specimens.
Additional work was done to detemlhe if any other form of welded tubular
joint would %e useful In detemnining the effects of welding technique on.
the fatigue strength.

This work was conducted at the Battelle Memorial Iimtitute under the
sponsorship and with the ffnancisl assistance of the National Advisory
Committee for Aeronautics.

TESIW

The reworking of the fatigue data on the arc-welded tube-plate
specimens, to introduce the comparison factor of the ideal machined
spqcimens, necessitates that some of the data be presentml without regard
for clrronologicalsequence. For clarity, the various grows of test
specimens are sumar ized as follows and later discussed in detail:

Series A: Ideal.tub-plate specimens mach3ned from solid bar
to simulate the specimens of series B, IS,E, T,
and G.

-
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Seriee

Series

Series

Series

Series

Series

B:

c:

D:

E:

F:

G:

H:

Metel+arc-welded tube-plate specimens
(1- by O .06>in. tubes, l/8-in. plates).

MetKL~c+eldeil tube-plate spechnens
(1– by O.09’+in. tubes, I/&in. plates).

Arc+elded, gas+welded, end brazed tube-plate
specimens, with various ty-pesof fillet.

Metsl-erc+eMed tub-late spec$mens with
circumferential notch.

Metal-qrc+wlcied tube-plate ~ecimene
prestressed before fatigue test.

Metal-erc+welded tub-plate specimens
shot-peened before fatigue test.

Metal-arc=welded tube-tc+ube specimens.

3

.—

. .

PREPARATION OF SPECIMENS .

Materials end Equipnent

> e. The tubing, sheet, and plate used for all tube-plate end tube-tc+
tube spechens were aircraft quality SAX 4130 steel with properties as
given in table 1. The ber used for making the tub-plate specimens.

.- machined from the solid was SAX 4140 steel with the chemical composition
shown in table 1.

The electrodes,“~eldingrod, and brazing wire used in the tests ere
described in the following sectias on the preparation of the several
series of test specimens. The electrodes were chosen as representative-”
of those used in aircraft productim. All metsl exc welding was done by
the direct+urrent method, using a moto~enerator set of the type
commonly used for aircraft weldbz.. It had been decided that remote-
current&mntrol

Series A:

For series

devices (crater ei&ine.tors) were not to be used.

Ideal.Tube-Plate Specimens Machined from Solid Bar

A, eight tube-plate specimens were machined from
2– by 2-inch SAX ~140-bar, as ‘&own ~ figure 1. These specimens were
identicel in dimensions with metal+c+elded specimens made of 1- by

a 0.06>inch seemless tubing end l/8-~ch plate, except that the fillet was
fully concave end finished mnooth.

~,
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The 2- by 2-inch har was first rough forged down to shout‘1* inch

round, with an upset end about 4 inohes in dismster and 1 inoh thiok to
provide for the fMnge. After rough machi@ng to the approx~te dimm-
sions, the flsmged tubes were nozmud.ized,and then finieh machined, as
shown in figure 2 (right-d spechen ). One tube-plate speoimen was also

T
epered with a fully convex fillet for use in the tests of series D

fig. 2, le,ft+handspecimen).

ME 4140 steel was used for the ideal specimen because no EXE 4130
steel was available in sufficiently large size for the necessary forging
and machining. The hardness of the normalized machined specimms was
about 320 Vickers (a tensile strength of 150,000 psi, by conversion fram
hardness}. The average parent+netal hsrdness of the SAX 4130 tubing used
in the welded specimens was about 250 Vickers (120,000 psi) in the
unaffected metal, and about k20 to 460 Vickers (195,000 to 2L5,000 psi)
for the heat+d?fected metal ad~acent to welds (no heat treatment after
welding). Therefore, in the comparison Qf the fatigue strength of
maohined to welded specimens, it should be kept in mind that the tensile
strength end inherent endurance limit of the most highly stressed metal
(ad@cent to the fillet) was sometimes greater and smndimes less for
the welded than for the machined specimens, dependimg on the heat trea+
ment after welding. This difference does not, however, invell.idatethe
comparison of the fatigue data, since other factors, dlsoussed later,
were found to have considerably more effect on the fatigue behavior.

Series B: Metal+rc4elded Tube-Zlate Specimens
-. .

The spedmens of series B were made from l– by 0.06>inch ~ 4130
seszulesssteel tubing and l/8-inch SAE 4130 steel sheet, aocording to the

%
I

recommended desi~ illustrated in figure 3.

The welding data for this series sre given in table 2 and figures 4
to 12. The three principal welding wiable~ were t~e of electrode,
preheat, and heat treatment after welding. The specimens were welded
with the tu%e end plate held together in a positioning jig (fig. 13)
with the tube axis amroximately 30° frcm the horizontal. The ass@MY
was then rotated in the jig at a speed whloh oould be controlled by the
operator during welding. No tack welds were used. The weld was made in
the flat (down-head)position, in two semioirculer increments, both welded
in the same direction. The resulting fillets were above average in con-
tour (flat to slightly convex), smoothness, and consistency h dimensions.
A t~ical specimen of the group, 568A, is shown in figure 14.

Because of distorticm during welding, it was found impracticable to
hold the tube absolutely perpendicular to the plate 3Y means of the
&Lining spindle, and the specimens were welded with the outer end of the
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spindle free to move about l/16 tich fra the perpendicular exis. The
eccentricity in the welded specbmn was seldom more then 0.05 inch emd
did not measurably effect the stresses induced in rotary bending.
(See fig. 15.)

Tn preliminary welding trials, the tube-plate assembly was placed
in the ~ig wfthout insulating the plate frcm the steel chuck with en
asbestos pad. It was found that under this condition the l/&inch sheet
often cracked under the fillet weld. The dracking could be eliminated
in one of three ways: (1) preheating the ylate to about 200° F,
(2) insulating the plate from the chuck with asbestos, or (3) using
another heat of l/8-inch SAE 4130 steel (no preheat or Mation
required). IkLthe prep~ation of SU specimens for this investigation,
the second method, insulation with asbestos, was used.

Prior to the rotary+ ending tests, a re~resentative specimen frcnn
each group in series B was X+rayed to show the qpelity of the weld.
These radiographs ere discussed in the secti.cmon fatigue tests. Other
radiographs were also made through the tube at the weld to disclose
yossible cracks ad~acent to the fillet; no cracks were found.

Before fati~e testing, all specimens were pressure tested at
an air pressure of 100 psi and were then -lured. Aside from a few
pinhole leaks, which ueudly occurred at the start of the second
semicircular fillet, no defects were found.

Series C: Metal-Arc+elded Tube-?late E@ecimens

The specimens of series C were made in the seineway as those of
series B, except that 1- by 0.095-inch SAE 4130 seemless steel tubing
and l/&inch w 4130 steel plate were used. The welds were also made
with a greater variety of welding electrodes, which was the principel
variable for this series.

With these thicknesses of tubing and plate, it was neoessary to
use electrodes of lsrger diameter (1/8 inch) than for series B, rmd c-
sequmrU.y the series C fillet welds were lerger, averaging about 7/32 inch,
with a flat to moderately convex face. Detailed welding dqta are given
in table 3.

No radioga~s were made of the series C specimens, but all were
pressure tested end Magnaflwed prior to the rot~-bending test.

Series D: Welded, Brazed, and Machined ‘Tube-PlateSpecimens

The eexlyrotary+mnding test data on
plate spec=s of series B and C indicated

the metal+mc~lded tub-
that the gemetry of the

.
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fillet weld had a significant influace on the fatigue strength. h order
to check this, the tube+ate specimens of series D were made tith various
fillet contours, and further variables were introduced to determine the *
effect of fillet material end heat treatment after welding. The principal
variables were as follows:

2.

4.

5.

6.

79

Metel+zrc-weUled spechmns
Small fillet

:: Medium+ize fillet

/

2) No heat treatment
2) Annealed
3) l!’lemesoftened
(4) Normalized

c. Large fillet
(:] EH&gllp

/

3) Three layer
4) Four layer (ccmibinationaro and gas weld)

d. Fillets made tith 25 C!r-20 Ni electrodes
e. Fillets tith face ranging from fully concave to

fully convex (see fig. 14)
Oxyacetylene welded spec~e
a. Medi~ize fillet
3. L=ge fillet (tbre-l~er)

Brazed specimens
a. Medimwsize concave fillet
b. Lerge concave fillet

Arc-welded specimenswith l-inch solid round bar in lieu
of tube
Spec3mensmchined from solfd forgings, tith convex and
concave fillets (see fig. 2)
Aro+elded specimens tithmchined fillets
a. lK1.letmachined fully concave
-b. Ililletmac~ned concave at toe (tube)

Plate-tub-late metal-arc=welded specimens for axial-
tensio=ompression and exial-repeated-tension tests.
(These were similar in every respect to the tube-plate
specimens, except that they had a plate welded at each
end of the tube to facilitate gripping In the axial fatigue
machine.)

The weldingdata for the series D specimens are given in tale 4,
and data on the type of fillet are shown in figure 16.

Series E: Notched Tube-Plate Specimens

= order to obtain a gyantitatfve indication of the degree of stress
concentration existing at the toe of fille+welded ixib~late specimens,

.
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a gyouy of eight rotary+ endi.ngspechnens was made with
notch out into the tube adsacmt to the fiILet weld. as

a circumPerentisl
shown in

figure 17. Three specim.en8were also made with en kstenitio-steel metal
arc weld instead of the tapered gas weld used in the other eight speci-
mens. Welding data for the notohed specimems ere given in table 5.

Series F: Metel+c+elded ‘lulm+late Specimens for Prestress Tests

h order to check the possible beneficiel effect of prestressing on
the fatigue strength of erc+welded tube-plate specimens, that is, the
effect of mechanical stress relief at the toe of the fillet weld, a series
of specimens was made as shown in figure 18. The weld@ procedure for
these was similar to that used for the series B speclnmns, as indicated
by the welding data in table 5.

Three groups of six specimens were prepared. The first group was
tested in the as+relded condition. The second group was prestressed
after welding, by loading each spec~n in tiel static tension %eyond
the yield point (approx. 85,000 to 90,000 psi). The third group was
furnace emnesled at 16000 F efter welding, then prestressed in axial ““ - -
static tension beyond the yield point (approx. 45,000 to 50,000 psi).

It should be noted that the fi.nishedspecWens for the rotary+w@Mng
test (efter they had been prestressed, and one tube and its weld machined
off) ticluded the fillet which was deposited last. This was done in order
to ohtti specimens as similar as possible to the standard tub-late
specimen, with no heat effects frcunthe o~osite weld.

Series G: Metel+ro+lelded !l?ube-pldeSpecimens for Shot-Peening Tests

For series G a group of metal-ar~elded tube=plate specimens was
prepered, similar to those used in series B, in which a pert of the
group was subjeoted to a sho+peening treatint before the rotary+ending
test. The rematider of the group was tested in the as-welded condition
for compsrisam The welding data for series G are given In table 5, end
ty@cel spec~ns before and efter shot-peening me shown in figure 19.

-.
The shot-peening was dme at the General Motors Corporati~ Researoh

Ia.boratorles,ly exmmgment with Iv&.J. O. Almen. The welded specimens
(no heat treatment efter welding) were eened in a high-intensity streem

?of small shot (0.016 to O.019+n. diem. . E&U shot ~S chosen 60 that
the peenhg action would reaoh the %ottom of each riyple and depression
in the fillet weld. The intensity of peening was such as to give
O.O,U&inch aro hei@t on the standard General Motors shot-peenhg test
strip. Uhiform peening of the weld was obtatied by mounting the specimen
on a rotat~ table. The remaining areas were peened by hand.

.



8

Series E:

Six tubular welded

Metal+lrc+Jelded
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*
‘hbe+dhztie @ecffnens

speoimens were made from l-by 0.06>inch SAX 4130 P
seamless steel tubing as shown in f@res 20 and 21 for reversed-stress
testing. The purpose of this test of series Ewas to investigate the
possibility that welded tubular jotits would be less susceptible to stress-
concentration effects than the tub-plate joint previously investigated.

The Joints were welded tith the sequenoe shown h figure 20, and
with other welding cmdltims as shown in table 5. The specimens were
Magnafluxed efter weldlng, end no cracks were detected.

FATIGUIMEST MEXHODS

Rotary-Bending Test

The tube-plate specimens of series A. B. C, D, E, 1?.and Gwere
tested in the ~otary&ndingm achine sho& ~ f&&e 22.- The plate,

3 inohes in diameter,previously machined froma &by &inch square to 33

was gripped in the chuck, with the spechnen S,Ocentered.as to give zero
run-out at point A in f@ure 15. Ih this ~ the possibility of unequal
stress distribution owing to spec-n eccentricity was avoided.

The load was obtained by tightening the calibrated spring to the F

desired amount (measured by spring deflection). The speed.of the testing
machine was 2400 r-p, which gave 24-00cyoles per minute of completely
reversed stress. The machfne was stopped aufwmatioelly by a limit switch

,+

if the specfmen broke or if the deflectim of the tube exceeded a
predetermined amount.

. Axisl Tension-Cmnpression Test

The plate=tube-plate specimms of series D were loaded h em ELxlel-
tension+mmpressicm fatigue testing machine. The end plates were gripped

1 inch tubing, which in tunnIn chucks welded to 12-inoh lengths of 1~-

were held in the grips of the testing machine. This gave the”degree of
flexibility necesssry to oltain uniform stress distribution. The load
was applied at a rate of 1200 cycles per minute.

A similar ~angement was used for repeated-tension test of plate-
tube+ate specimens.
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‘4
. Reversed+endi.ng Test

9

Reversed+ endin.gtests of the tubular “pi” specimens of series H
were made in a plate+end~ machine. One end of cme l%inch member was
fixed, and the corresponding end of the other 18-inch meniberwas attached
to the reciprocating crsmk arm of the testing machine as shown in figure 23.
The stress in the speci’5n was ccsaputed.frcm the &eflecti.onof the loadea
end. A representative specimen haa preciously been loaded in a static-
tension machine to get the loads corresponding to given &eflectims. Also,
the first specimen tested in the ylate+ending machine was equippeiiwith
SR-4 electrical strain gages, end the ~ -c stresses in the
long tubes, ad~acerttto the welds, were measured. The measured stresses
correspauded within 5 yercent of those c~utea from the deflecticm
read~s .

RESULTSOF TESTS
.—

Series A: I&ea,l‘1’ube+PlateSpechens Machine& frcunSolia Bar

The results of rotary-ending tests on the machinetltube+plate
specimens with concave fillet are given h table 6 end plotted in figure 24.
The graph in this figure is em EX!7curre, in which the stress shown is the
nominal maximum stress in the tube at the toe of the ccmcave fillet, c-
puted from the equation

.

.

.

.

S=EX
z

where

S nominslmaximwn stress, psi
P concentrated load at ena of tube, pounds
x distance frcxuload to toe of concave fillet, inches
z section modulus of the 1- by 0.06>inch tube

Method

The data for
load-cycle soale.

of Computing Stress Ratios for Welded Specimens

the spechnens of series A coulilhave been plotted on a-
Hcwever, the stress+ycle scale was chosen for the

basic graph because it was desired to compare all other tube=plate fati-~e
data with the basio graph. Since the section moduli of the welaed
specimens varied with the size of tube, SU load data were first convetied-
into nominal-stress values, end these were compared with the stress @ues
for the iaesl machined specimens.
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The method used to convert the computed stress values into stress
ratios is given in figure 25. These stress ratios ware then used in sll
subsequent graphs to show the fatigue stren@h of welded tube-plate
specimens in comparison with the fatigue strength of the ideal.specimen.

Line ABgr in figure 25 is the = curve obtained fromrotary+ending
tests of the basio machined specimens (fig. 24). On this graph was
superimposed each grou~ of rotary-bending f+lldata for welded tube-plate
spectiens, and those stress values on the base line ABg’ were taken which
correspond to the life of the individus3 welded specimens. For each cycle
interceyt, the stress in the welded specimen was ccmqared with the stress
in the ideal specimen at me same nuttiberof oycles. Tor example, if at
34,500 cycles the nominal stress in the welded specimen .wasthe same as
the stress in the ideal specimen (points d and d’), the stress ratio for

that welded specimen was ~ = 1.0. This value was then ylotted against

the number of cycles (34,500) on a separate graph for the particular series
of welded specimens. Again, if at 387,9oo cycles the nominal stress in
the welded specimen was 5,700 psi (point f) the corresponding stress in
the ideal.specimen was 16,000 psl (point f~l, and the stress ratio for the

welded specimen was &= 0.36, which was then plotted an the sepsrate
ft

graph against 387,9oo, the number of cycles.

Ih order to permit accurate computation of the stress ratios, the-
graph actually used was umch larger, with a closer coordinate scale then
indicated in the schematic graph, figure 25.

The load-oycle curve plotted using the stress ratios computed in
figure 25 is given in figure 26, which is discussed in the next seotim.
All subsequent load+ycle graphs were plotted sirni.lerly.It should be
kept in mind that the load+ycle graphs are not W curves, and that
their value lies principally in comparing one load+ycle graph with
another. On the load-cycle graphs the points for the Ided specimens
would all fall on the horizontal ordinate 1.0.

—

Series Et Notched Tube-Plate Specimens

The rotary-bend&ag tests of series B and C, discussed later, indicated
that for the type of specimsn and loading involved, a stress concentration
occurs at the toe of the fillet of such ma~itude that the effects of
other factors, such as weld smoothness, penetration, extent of heat-
affected zone, and the like, are obscured. h order to detemine the
approximate de~ee of magnitude of the stress concentration, a rotary-
bending test was made of tube-plate specimens which had.a notch cut
oircumferentially in the tube, at a section 3/4 inch a~ from the plate
surface (fig. 17). me relative life of the notched specimens, with
nominal stresses in the notched section comparable with those used in the
series B and C tests, would indicate the ~everity of the stresscon-
centration at the fillet weld.

P

-*

r.
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The details for all notched specimens tested axe given in figume 26,
which also shows the fatigue strmgth expressed as a ratio of the strength
of the notched specimxms to that of ideal machtied specimens. It is
emphasized that the ratios given in figure 26 ae for stresses in the
reduced tube sectim at the notch. At the toe of the fillletthe bending
moment is higher, but the area of the tube secti.= is about double that
at the notch so, for a given load, the unit stress at the fillet is about
40 percent less than at the notch.

The test tidicated by yoint (1) in figure 26 should be noted, in which
the notched Spechen failed at the toe of the fillet (3,792,000 cycles at
0.65 fatigue ratio) evm though the computed stress at the notch was
obviously higher. This would indicate that the endurence limit for the
section at the toe of the fillet was lower tham for the notched section.
A photograph of this specimen is shown in figure 27.

The solid.line mn in figure 26 represents the approdme.te cur-ve
of strength ratio against cycles for the specimens with a 0.030-inch
notch. This curve has been superimposed cm all subsequent ro@ry+end~
test graphs, as a broken line designated ran. It is useful in the graphs
as a datum ltie, to facilitate comparison of various sets of values and
also to indicate the level of fatigue strength of the welded Specmns
tn comparison with notched specimens.

Series B: Metsl+c+elded Tube-Plate Specimens
(1- bYO.065-lh. Tube, l/8-h. Plate)

.

The rotery+ending test data for the several gmu~s of Spectins
in series B exe summarized in figure 28. Detailed data for the several
grouys axe also given in table 7 end figures 4 to 12.

It will be remeniheredthat the welded specimens of series B were
in nine gouys, the yrinclpal variables betig ty_peof electrode, preheat,
and heat treatment titer welding. The orighal plsnhad beento ccunpe
the fatigue data for the various groups, to study the imfluence of the
principal variables, and then to extend the tests to include other
weldti~technique factors. It developed, hammer, that regardless of the
welding variables, practically all the specimens failed in the tu3e at
the toe of the fillet weld, &nd the life at various loads did not reflect
SnY pSZ’ticdU effect of welding technique. This can be seen frczna
study of the individual graphs for fatigue tests of various groups of
tube-plate specimens in series B (figs. 4 to 12) and of the swnmary
graph (fig. 28).

The consistent failure at the
fracture shown in fig. 27) was not
fillet welds in series B were of a

toe of the fiIUet weld (characteristic
entirely une~ected,
quality representing

since all the
good welding

.—
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technique and since it had been recognized that a stress concentration at
the toe of the fillet would cause a stress”in the tube considerably
higher than the computed, or nominal stress. (See table 7). No failures
ocmurred in the’weld which might be associated with either of the two
maters or starting points in each circumferential fillet weld.

It had not been anticipated that the life of the specimens, at the
various loads used, would be so short or that the specimens would fail
at such low loads. After the first few groups had been tested, a
representative unbroken specimen fl?omthese groupsend one frcm each of
the yet untested groups were radiographer through the tube, and then
sectioned formacroscopio aud microscopic inspection. This procedure was
made to cheek the possible existence of tinute cracks which might be
responsible for the low fatigue strength and consistent localization of
failure; however, no such cracks were found. Previous Magnaflux end
air-pressure tests also had not disclosed any cracks or similar defects.

Two sets of radiographs through the weld and plate of seriesB
spemlmens are shown in figures 2g and 30. These indicate that the welti
were of good quality, with no discernible crater defects. The welds made
with plain-carbcn+steel electrodes (fig. 2g) show some lack of root
penetration, but this had no influence on the fatigue strength of the
specimens.

The broad conclusions that may be drawn from the results of the
rotar+bending tests of the series B specimens are:

(1)

(2)

(3)

(4)

(5)

The long-time (1,000,OO@ycle) fatigue strength of the welded
specimens was about one-fourth tu on-elf that of the ideal
machined specimens.

The short-time (10,000- to 50,00bycle) fatigue strength was
about equal to that of the ideal specimens.

The fatigue strength of the welded specimens was less them that
of similar specimens with a 0.030-inch circumferential notch in
the tie, accept at very high loads causing early failure.

Variables such as tne of electrode, preheat, heat treatment,
and degree of root penetration (wi&n the
fig. 29) hadno appreciable effect on the
the welded specimens.

The results indicate quite definitely that
effects of welding technique were obscured
centration at the toe of the fillet weld.

l~ts indicated in
fatigue strength of

most of the ordinary
by the stress con-
This was further

confirmed by spot checks on trieJ specimens tith extremely poor
welds, for example, no fusion to portions of the tube, and
unsatisfactory lumps and craters, Most of these specimens also
failed in the tube at the toe of the fillet weld, rather then in
the mibdtandard weld.

l!?

-.

,4

r
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Series C: Metal+lrc~elded Tube-Plate Specimem
(1- bYO.095-h. Z+ibe,l&Tn. ?late)

Stice ~racticslly s31 the failures in the series B specimens were in
the 0.06>inch tube, it was decided to strengthen the tube by increasing
iiw wa22 thiclmess and thus put more stress into, end inducefracture in,
the fillet weld. The specimens of series C were made with l-by 0.09>inch
tubing, sndthe plate thickness was increased froml/8 to 1/4 inch. With
these thiclmesses of plate and tubing, it was also necessary to use m
electrode of larger diameter, and the resulting fillets were about
7/Y tich b size (as cqared with 5/32 inch for series B).

.—

3% additimto data on the effect of increased plate and tube
thickness, the tests of series C were designed also to give information
on the influenceof 10 various types of electrode on fatigue strength.
The test results axe given in table 8 and the ~y ~aph, fi~e 30
No attempt was made to _plota separate graph for each electrode used,
since it was evident that the tme of electrode used had no.influenceon
the fatigue strength.

Althou@ the fillet welds
series B, it had been expected
thicker tzibewould fail.in the
was . as before. in the tube at

.-
.._ “-. —

in series C were larger than those in
that at least a few syecimens with the
weld. However, the location of failure
the toe of the fiILet weld. There was.

ne&rtheless, a significant difference between the fatigue strength o~
series B and series C. This canbe seen by a comparison of the graphsz
figures 28 and 31, and is further illustrated by the zam diagram,
figure 32. The life of the specimens of series C was consistently
longer for a given lc)adthen that of the specimens of series B with the
thinner tubes. The endurance limit for series C 3s also som%hat greater,
but the data in this load region are insufficient in quantity md
consistency for accurate analysis of the relative emtursnce limits.

Series D: Welded, Brazed, and Machined Tube-l?lateSpecimens

The tests of welded tube-plate specimens of series B and C indicated
that tiile the effects of the welUng techniques used, that is, root
penetration, type of weld metel; preheat, and heat treatment after
welding, had no influence on the fatigue strength and location of failure, ‘-
there was a size or geometry effect. h order to check this, the tube-
plate specimens of series D were made. The8e included specimens with
fillets of various size and contour, made by the metal+mc, oxyacetylene-
welding, and o~acetylene+razing methods. The varia%les have been
previously described in the section PREPARATION OF SPECIMENS, and are
tabulated and illustrated in figwce 16. Most of the spec,hnenswere tested
in rotsry bending, but a few specimens were also tested in
and compression end reyeated tensicm to check the possible
fatigue strength that might be obtained with axial instead
loading.

axial tensicm
difference in
of bending
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All the tests tabulated in figure 16 were made at loads which
*,

“.

would produce about the same mmd.nd tube stress (that is, 21,000 to
26,000 psi). The graph in flgmre 16 ccmq?aresthe respective life of ell %

s~echens at that nominal stress. The one exoeption was test 472H on
tuhe+ar syectins, h whtch the load was the same as for 1- by O.06>Lnch
tube speclmsns, with a correspondingly lower mminal dress. For
informatim, the ccmputed stresses are given in ta%le 9. This table also
gives data for the repeated–tensim tests, which could not be plotted h
direct comparison with the other tests because of the difference in the
mean stress.

~aue of the tests in series D gave a true indication of the strengbh
of the weld or fillet itself’,but the results indicate quite clemly the
effect of various types of fillet tm the str

T
of the adjacent tube

section. Speomns tith long tapered fillets tests 480D and 507), and
with fully concave fillets (tests 524, k80c2, and ~E) were emong the
strongest in roterg bending. Specimens with flat or ccaurexfillets had
a shorter life. Size of fillet alane apparently was not a factor in
determining the fatigue life of the jotit, although there is a slight
indication that the large fi12ets were better than the small ones.

Heat treatment or stress relief wae apparently less influential.then
the degree of stress concentration resulting fram weld geometry.
Annealed (test 483) and f~offmned (test WA) specimens were no
stronger than nomnalized specimens (%efi 472G) or the as-weldedor
nomalizettspecimensof seriesB. This would indicate that the stress-
concentration effect was not appreciably reduced by softening or stress
relie’vlngof the tube at the toe of the fillet weld.

Test 472H, in which a solid bti was subs’b~tutedfro-the tube, was
made to determine whether, with a section of maximum strength ad~acent
to the weld fillet, failure could %e induced in the weld. The two b=
specimens were tested with the same load as the 0.06>inoh tube speck>
and thus the stress in the weld and the plate were approxhately the same
as in the standard specimen, although the stress in the solid bar was very
law (see table 9). Both bax specimens failed in the plate at the toe of
the fillet, indicating that a secondary stress concentration existed at
that point. It is possible that by increasing the thickness of the plate,
and using a solld bar or a ve&y thick tube, failure in the welded fil.iet
could be induced; this, however$ entails such marked changes b nldm
technique, heat effects, degree of penetration, and other factors that
such a specimen would only remotely represent conditions found in tubular
aircraft joints. Tests of suoh specimens were therefore not considered.

Another indication that the strength of the fillet ?&teriKl is of
secondary importance was obtained from spechmns of tests &EF and
480E, which were made with the concave brazed fillets. me life of fiese
specimens was remarkably long. The small+razed-fillet speoimen failed
tithe hxadbetweenfi.~et and plate at about 160,~0 cycles, which is

b?

<’

#
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equivalent to the best single-lsyer arc--wel~edconcave fillet and better
than nod arc– or gas-welded fillets. The large-concam+brazed-fillet
specimen failed after about 500,000 cycles, which is eqtiivalentto the
tapered fillets ude by both em-and gas+eldi.ng methods. It has been
su gested that the lcmg life of the brazed specimens is the result of
(l! the smooth, concave ccmtcur, (2) the absolute freedom of Wdercutting,
and (3) the relatively low modulusof elasticity of the brazm metal.
All three factors conceivably reduce the stress concentration at the toe —

of the fillet.
.._.

Two “artificial” tube+plate speoimens, machined from solid forgings
(see f%. 2), were made for test in series D. These were in addition to
the concave-fillet machi+ed specinens of series A.” The artificial.
specimen with comexflllet, test -1, failed at about the same life as
the concav~fillet specimen of series A tested at the same load. The
artificial spec-nwlth the concave fillet, test 480C2, failed at amnch
longer life than similar series A spec-s. The reason for this could
not be determined, but it is probably the result of better surface finish
end fillet contour in the syecimen of test 480C2, as canpared tith the
other ccncav-fillet machined specimens.

It is Wteresting to note that the specimen of test 47~~, with a
s&jle src-welded fillet md a three-lsyer gas+elded overlay, failed at
the rather sharp eagle between arc = gas weld. Althou@ the net cross
sectim at this point was at least twice that of the 0.06>inch tube, the
stress concentration at tie wel~ junction was sufficient to cause failure.

Tests of ar~elded specimens with the fillets macblned concave, or
machined at the root to remove possible sharp undercutting (tests X endY),
prmidedno significant data.

Tests of plat~h+pl~te specinens in axial tensicm end ccqression
were made with approximately the same maximum stress, in tensim and
ccqression, as that which occurred in the rotary+endhg tests of other
specimns in series D. Two such specimens were tested (test 479-4)and
failed in the tube at the toe of the ezc+elded fillet at 9,900 end
16;’Too cycles. These data are plotted in figure 16 end show that the life
of the axial-tensim+.impression specimens was no lcmger them the life of
rotsry+xmding specimens made with the sme size of tubing, plate, end
fillet weld. It msy be assumed, therefore, that the stress+oncentration
factor is of the same order for both t~es of specimen and methods of
loading. Photo@@s of,the fractures in the exial-tension+mmpression
specimens sme showninfigures 33 and 34.

Tests were alsomade of two ylate+ub+plate specimens in exiel
repeated tension. These specimens (test 479B) were stressed to the same
maximum temsion as the rotm?y+ending specimens end the axial-tensi-
compression specimens, but the ndnimum load was a tension of About
1,000 psi. The stress range for these specimens was therefore unly half

.
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that of the first two types, as indicated h ta~le 9. BY wv~ we
stress range, the life of the specimens was increased from a%out
13,000 cycles to shout 94,000 cycles. This life, however, was still beluw ?

that of the notched tube specimcnm of series E at a comparable range of
stress, and approximately equal to that of specimens in series B, which
were welded in exactly the same waF. These specimens failed in the plate
at the toe of the fillet weld, as shown in figure 35.

Figure 36 shows the data from series D ti con$zuctionwith the
reference curve for notched tube-plate speoimens, and the lower+limit
lines for the rotary+mding tests of series B and C. Ih this figure, the
results of =ial-tension-compressfcm tests are slso shown.

,

Series F: Meta3+rc-Welded Tube+plate Specimens for Frestress Tests

h the early work with welded tube-plate specimens two specimens were
made similsr in everyrespect to the specinens of series B, except that
the tubes were welded to both sides of the plate in order that the
specimens might be tested in axial tension and the static-tension strengti
of the fill.e+welded joint determined. The ultimate tensile strengbh of
the as-welded spechens was 105,800 and 112,000 psi which is about
equivalent to the strength of l-by 0.06>inch SAE ~130 tubes with a
sq-e weldea butt Joint. The first specimen failed in the tube at the
toe of the fillet ud the second in the tube 3 inches away from the filLet.

These results indicated that while a stress ccmcentrationno doubt e.
existed at the toe of the fillet at the start of static-tmsion loadm,
it was reduoed by local yielding of the weld metal (because the weld metal
is sof%er than the adjacent heat-affected zone) during the first stages of 4
loading, end consequently the tensile stre@h was not noticeably effected.

It was suggested that a mechanical.stress relief, or reduction of
local residual.stresses, at the toe of the fillet weld in rotsry+ending
specimens might increase their fatigue life. A series of specimens was
therefore prepared as shown in figure 18, which were loaded in axial.
static tension beyond the yield point of the tubing to obtain the same
effect at the toe of the fillet weld that was obtainea in the static-tansion
test. The prestressed specimens were in two groups: prestressed in the
as=welded condition emd prestressea after annealing. An additional set of
specimens was tested in the as+elded, unstressedcondition.

The results of the tests are given in table 32.and plotted in
figure 37. This graph indicates that prestressing hadno effect on the
fatigue strengthof as+elded specimens and that the annee3.edprestressed
specimens (annealed so as to reduce the hardness in the heat-effected
zone antithus obtain plastic flow) had a significantly lower fatigue
strength then the as+welded specimens. All specimans failed in the tube
at the toe of the fillet weld.
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It is evident that the stress cmcentratlon at the toe of the fillet
weld is not Influenced by 10CSL residual stresses which may be readjusted
or eHminated by plastic flow during prestressing h exisl tension.
Rather, the stress concentration seems to be p?incipelly a geometrical
effect which is much stronger than other factors involved. (See, for
examcple,the tests of series D.)

The fact that the annealed prestressed specimens had amzch lower
fatigue strength does not ccmflict with pretious statements that heat
treatment after welding had little effect cmthe rotary+endhg fatigue
strength of tube+ate speoimns. The amnealed prestressed specimens had
a very low yield strength, the tensile strengbh was undoubtedly low, emi
possibly the well thicdess of the tubes was reduced during prestressing,
ell of which would contribute to the lowered fatigue strength.

Ih the previous tests of series B and D, the heat treabnent was,
with one exceptian, a quench+nd+lraw, stress-rellef, normalizing treat-
ment or a menual fl~oftening. treatment, and in all these cases the
fatigue strength seemedto be less effectedby the heat treatment tbanby
the geometry of the weld section.

w

Series G: Metal+rc+Jelded Tub&Plate Specimens for Shot-2esdng Tests

A group of tube-plate specimens was welded, similer to those of
series B, and sent to the General Motors Corporathn Research Laboratories
for shot-peening treatment. (Details we given in sectian PREPARATION OF
SPECIMENS.) The purposeof this experimentwas to investigatethe effect
of shot-peening in (a) relie~ residual surface stresses in and adjacent
to the welded zone sad (b) setting up surface compression stresses which
would raise the fatigue strength of the specimens.

b addition to the 18 specimens which were shot-peened, 6 were tested
—

in the as-welded condition for cmnperison. The results of rotary-bending
tests cm ti Spec-ns exe given in table 1.2d are plotted in figure 38.
By reference to the graph, it can be seen that the lower lhit of the
fatigue+trength zone for the shot-peened specimens coinoides with the
ourve for the un~eened ccmtrol spechens. The fatigue strength of the
Sho+peened specinwms was also higher than the average for specimens of
series B (similar in dimensions end weldlng teohnique, but not shot-pemed).
Also, six of the shot-peened specimeq had fatigue strengths above that
of the notched specimens (line nm, fig. 38). This is an improvement over
the results of Trevfmus tests, inwhlch the fatigue strength of am-welded
tube-plate specimens was rarely higher tlum the datum Mne run.

It is interesting that the points for the peened spec~ens fell on two
separate lties: the lower which coincides with that for the um?elded
control specimens ~d indicates no improvement with shot-peedxzg; and the
upper, whtch indicates a marked @rovement. It is possible tht the
shot-peening trea~nt may not have been uniform for all specimens, or
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that those on the lower
or magnitude which were
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line had toe+f+reld stress+aisers of a character
not reduced by the yeening treatment used.

.

Regemllessof the treatment used, all specimens failed in the tute at
the toe of the fillet weld. This indioates that the stress canoentration
resultimg from the gecmetry of the weld section was still the primary
factor influencing fatigue strength.

While more test data would be desirable, it may be concluded that
the shot-peening treatment produced a noticeable improvement in the
fatigue strength, al.thou@ not to the degcee necessary to cause occasional
failure in the weld. The specimens still.had ti appreciably lower
fatigue strength than the fdeel specimens (for exaqple, about three-fourth
strength at 1,000,000 cycles, for the lest tshot-peenedspecimens).

SeriesH: Mets24r@Jelded Tube-tc#lube specimens

As a T* of the investigation of various types of treatment and
specimen design to find a test specimen which could be used.for a study
of the effects of weldimg techniques, the tubular pf spec~ns were tested.
(See figs. 20 and 21..)

The fatigue test was a reversed+ ending test, in which the maximum
stress was obtained im the tubes adjacent to the weld. The results of
tests of five specimans are given in table 13. All the specimens failed
in the tube at the toe of the weld as shown in figure 39. &

At a camputedmaximumstressof 10,000psi the life of the three

7
i speoimens for which cycle data are available was somewhat higher A

138,000 to 369,000 oyoles ) * fcm simi.l=ly weldedtub-plate specimens
(65,ooo to 1~,000 cycles). !Toomuch si&lfi&ace cannot be attached to
this difference in the nunlberof cycles to failure, because the nuniberof
specimens in eaoh group is small. Nevertheless, it can he e~ected that
the fati e strength of the tube-b-tube specimens wi21 be highe~,

Tbecause 1) the maximum stress in the pi specimens occurred only on two
diametrically opposed surfaces, and (2) the toe of the weld in the
pi specimens did not lie in a plane perpendicul~ to the axis of the tube,
as in the tube-plate specimens. For these reasons, the stress+mncentration
effect in the pl specimms may not be so great.

The results indicated, however, that the pl specimen would not be
suitable for tests of the effects of welding teohnique, %ecause even with
the more favora%le chmacteristics of the tube-to-tube joint, the prticipal
influencem fatigue strength was still the stress conoentraticm at the
toe of the fillet weld.
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DISCUSSIONOF RESULTS

EFfect of Stress Concentration

The severity of the stress cmcentratlon induced by the geometry
of the fillet welds is modified by graduel transitions of the fillet to
the tube section. ‘I!hishas been demonstrated by the improvement in fatigue
life of mltiplelsger sad concave fillets, compared with normal fillet-
weld contour. The stress concentration is measurably reduced when tube-
to=tube connectims are used instead of the tulx+plate specimen. Reference
to published experimented.data shows that variations in stress concentraticm
may slso be obsened as the pl=e of loading is mried.with tube+c+ube
connections. (See references 2 md 3.) This has the effect of changing
the joint geometry from the fillet+eldedtyye to a saddle or lxrbt-joint
type, ma the ticrease in fatigue life is not unexpected.

It is believed that in thin-wall secticms the weld-joint geometry
alone produces an unusudlly him stress concentration, and that other
factors (surface roughness, decmbmization, etc.) contribute to the
reduction in fatigue strength. ——

I!ffectof Thickness of Section

It is evident from the differace in the yositicm of the scatter
bands shown in figure 32 that the size of the weld and thiclmess of tubing
is of some importance in affecting the fatigue strength of the fill.et-
welded joints. While the ratio of fillet size to tube thiclmess was about
the same for loth series B snd series C specimens, the latter, with larger
fillets and thicker tubes, had the higher fatigue strength. This suggests
that the effect of the discontinuity in the wall of the tule caused by the
presence of the f3J-letbecomes increasin@y serious as the tube wall
thickness decreases. However, variations in the size of the fillet, within
reasonable limit8, seem to
ties af the joints.

exert only slight effects

Effect of Prestressing

The rotez+bending tests of tensicm~restressed
that this treatment. which may have removed residual

on the fatigue-proper-

specimens indicated
stresses at the

joint, was not effe~tive in &proving the fatigue strength. It coul.dbe
imferred, therefore, that the geometry of the joint, rather than the
presence of local residual stresses, was the governing factor in the
fatigue behatior of the joint.

—

On the other hand, local prestressing by shot-peening seemed to
work some im~rcvement in fatigue strength. Whether this improvement is
attributable to the effect of compressive stress or the effect of cold.-
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working of the surface is not entirely cleer. It seems probable that thb
reduction in the maximum effective tensile stress owing to the induced
compressive stress is the principal cause of increased fatigue life.

EFfect of Surface Decarburization

No tests were made to show the effect aa fatigue strength of the
decarburized surface which is normall.y,foundin commercial SAE 4130 tubing
and sheet. Recent tests at Battelle Institute of flash+welded SAE4130
steel sheet have shown that decarburization is a factor of considerable
importance as far as fatigue behavior is cmcerned.

The mlcrosections made of reyresentatlve welded tube-plate specimens
indicated that both tubing end plate had the usual degree of surface
decmburization, although In the heat+ffected zone where fatigue failure
occurred, it was not so readily discernible as 4 the unaffected steel.
It is quite probable that the deearburized surface, with its attendant
lower tensile strength end fatigue properties, contributed to the low
fatigue strength observed in the tube+ate and tub-t-tube specimens.

EYfect of Modulus of Elasticity

The effect of the modulus of elasticity of the material in the filLets
is to dimfnish the apparent stress concentraticm as the modulus of the
deposited material is reduced. TMs effect became markedly evident tith
brazed comections, although the smooth contours of’the brazed fillw!m also

A

contributed to a reduction In the stress concentration.
*

me act~ mechanism by which this action occurs is probably one of
~lastic flow dur~the fatigue test, and consequent redistribution of
stresses at the toe of the fillets, such that the stress gadient is
smoothed ~a the peak stresses reduced.

General Remarks

It was not the object of these tests to evaluate the fatigue strength
and endurence limit of arc-welded joints in aircraft tubing, but rather
to make use of repe~ted-siress tests to compare welds with different
contours, more or less penetration, and greater or lesser heat effect on
the parent metal, and thus to determine the degree in which these factors
are governed by the t~e of electrode, Sp08d Of welding, cur’rent~position>
Treheat, and other related conditions.

The plan of attack was to detezmd.nean approximate S-N curve for
joints welded under normsl.or optlmumccnditions, and to use these data

a

as a base line for tests of joints made under abnormal welding conditions
which would produce overlapped and undercut fillets, poor root penetration, +-
incomplete fusion, porosity, and excesstve heat effects.
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The results of the repeated+rtress tests, have, however, pointed in
a different directim from welding technique. k every test the effect

4 of stress concentration ad$acent to the weld was far greater than the
effects of inadequate fusion, penetration, parent+netsl hardening, or
normal heat treatment after welding. It wotid appear that Johts made
with reasonable variations in welding technique have equivalent structural
integrity even if the weld.is of the lowest acceptable qpality. The
importance of heat effects, adequate fusion, and wel~ soundness is not
mirdmized, since these quslities must be obtained.to a definite degr6&-’
However, if the service conditions for a welded ~oint such as a tubular
cluster demand a conslaeration of repeatea stresses, the governing factor
in the strength of the joint seems to be the stress concentration caused
by the weld.-jointgeometry, rather than the internal characteristics of
the wela itself.

.._.

The tests tithis investigation have provided data which confirm
some of the concepts relative to ths behavior.of fillet end butt welds,
for example, the superiority of tapered and concave fillets and the
deleterious effects of internal weld aefects. ‘(See reference 1.) The
most significant result has been to show that the stress concentratims
caused by normal flat end convex fillets in tubular sectims sre higher,
sd exert a greater hfluence on the strength of welded.thin+all secttons,
than is generaIiy accepted. ‘

●

✎✎

.

.*

The problem of stress concentration has long been dealt with in the
design of machined srd cast structures a has also been considered
in welded assemblies. Tnmost weldments, however, the ccsuponent~arts
are relatively thick, end the welds form either a small proportion of the
entire mass or me large enough to form an integral, flomlng secticm of
the assembly. If a tubular aircreft assem%ly is scaled.up to the propor-
tions of an ordinary weldment, it is evident that the welds &o not scale
up In the ssme proportion. It would be considered bad
two l/~imch plates with a 3/k-inch fillet which had a
yet, inminiatu$e, this is the tyye of weld joint that
obtained in l/16-inch aircrsft tubing.

There are no apperent nys of accounting for this

practice to join
3/~inch throat,

--—

Is regularly

scd.e factor by
radical chsnges in $oint design and fusion+elding technique, sd it is
not suggested that such chsnges are imperative under present requirements
of design and service life. Metal.+c+lding and gas=welding methods for
aircraft structures have certain peculiar limitations, but satisfactory ‘
perfo~ce of fusion+weldea atrcraft structures has been demonstrated
under many service conditicms. The electrodes now available for aircraft
work deposit tapered or concave fillets only under favorable conditions
of position and ~oint clesign,but the flat and convex welds normally
obtainea have worked to no distinct disadvantage, despite the acceptea
fact that such welds are stress-raisers.
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CONCLUDING RIMKRKS

Many t~s of specimen have been tested in fatlg& in an attempt .

to differentiate the effects of variations in welding technique. Other
investigators have studied small specimens, and aircreft mnpanies have
tested full-size motor mounts. The general agreement of fatigue data frcm
these sources is good; however,Mttle fundsmcmtslinformationhas been
obtainedon the effectsof weldingtechnique, except that the major factor
influencing the failure under repetitive loading of motor mounts is fillet-
weld geome~ry. This conclusion &mzmes
test to test. A.lthou@ it seams likely
fatigue resistance of ~oints in tubular
specimens are not readily available for
the effect of these vemiables.

Perhaps the most difficult problem

that th~ material is constant fra
that other,factors influence the
structures, suitable tests or
use in determining quantitatively

in the selection of a test
spectien is the provision for specimen support and load application.
In desigu, the gripping of specimens must be carefully considered to
avoid failurea at thesepoints which would impair the accuracy of data.
A second problem involves the hesitancy of airfrane manufacturers to accept
any spechmn as being typical of aircraft construction unless it is
actually a ccmponent of such a structure. The view has frequently been
expressed that a component from the structwre of one airframe would yield
data of value only in that specific instance and of no value as applied to
other and different conditions.

—

b order to avoid these problems concerning specimens, it is believed
desirable to study models or full-size sections of ty_picalairframes. The

*

question of interchangeability concezming test data may be answered by the
use of a motor mount for these tests. It is possible that less variation A
exists in motor+ount design from one installation to another than in most
dnuctures. It may also be possible to derive immediate benefit from such
work since the influence of fatigue has been observed in motor-mount
structures in service.

The benefit to be derived from tests of these structures may depend
to a marked degree on the forethou@t given to the test program insofar
as choice of specimen and loading is concezmed. It is suggested that the
actual comparison ordinarily desired is one in terms of service life
rather than fatigue data at certain arbitrary stress or load levels. It
is believed that simulation of actual service loading during teds might
have the advantage of being readily interpreted by interested groups, end
might make it possible to obtain significant information from a l~ted
number of teats. The limitation of tests mag be suitable only in cases
in which it is known that the product control is such that uniform
structuresare assembled.

Battelle Memorial Institute
Columbus, Ohio, Jims 9, 1944
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TABLE 1.- PmPmmE3 Am CEWICKL msmmm OF~mG, -, -,

cmlMtiao
(M ro.elwd)

Chemiaal cmpsitlon (mIll)

c Ml F s SI Cr

).30 0.46 0.o17 0.025 ---- l.afi

Peroent
kmgdicu
b12hl.

Mnta-ial
no

- by o.c15>in.
E!#lx4130
aemlena
tubhlg

mnmalizd 34,900 IIQoo0.19 23

- by O.*W
SAE 4130
aeexdesa
tubing

W+;tsm 4130

Ho tmalyaifl .----- ------- --

Jr/ .023 ●l-( .25 .94 .=
:Z .47 .023 .020 .26 .95 .23

bt-lvllea; Ilcalu&l-
ized and drawn

Ol,koo 97,50U

-------/L--;ew 4130

- by 2-ti.
w 4140

Eonuazaa3 -.

IL.39 .-fo .m

—

.030

_-L

.20 1.06 .18

—

Ibt-TorLea ------ ------- --

.%mformto Amy-Ravy Speaificatlcm AIHW-W8’jO.2- ~m ~el~ ti~k;
mnfmma to .?peciric?itknl 57-180-”=m



bet

TmLE2.-mm M!cAmR~

!NJEX=PIA!l!ESPWDlEE3, ~ B1

pill EpO-s Wdle Trim 1-by o.@-in. w 4130 tubing* @-in. ME 4130 ehmt ; am fige. 3 and 141

-L
Wllecul 52$
----- do ----- %-i

do------ ---- 5/64
----- -----

2---
_mm ~! ;jg
-----

de----- ----- 5/6a
b----- ----- !5/64
do----- ----- 5/64

Direct Ourreut

le@ Ive
~
?Olts

22-24
22-Q4
22-24
22-24
22Q4
2k-e6
24-26
24-26
24+6

rel.dinf

the
(fi)

2’7
30,

:
30
32

:
30

Heat
raatmm<
&tar

W1.lmag

mme
mne

Z
lime
Hme
@
@

+@ each d the nine waldhg condltlcme, a m9@wm of ei@t tube-pldw
.epeoinmne Uae welded. Stitoeavan 02*epo* v&a teste~ln rotary
bamilng inthenkmhlnee hwninfig. 22. Tlwteet ddaareeummrizetin
fig. 28 end dekikd data m gfvem h table T end fi~ 4 to 12.

2AIJ. epaoham weltkd mmaUy, with the tube tilted 300 frcn the horkmtal
end rotated m tk axis in the waUMng jig * h fig. 13. The mldhg
the &own la for -a dngle oirouderudlal fl.U.at nmde in two Inommnta.

3AUL9 Clam @I13; plaiwoar~ed de~eit.

4*~ti %Wj dJ.V_StOd d9p0Slt.
m streewrallaved 30 min at 1000O F.

6QDf quenohed h 011 ef%ar w min at 16000~; ~ 30 b at WY P.

Bize
(in. )

5/32
5/32

5/32
5/32

;~

5/32
5/32

Cbaraoter of fiilet weld

cat-tour

Flat to slightly ccmvex
Flat to ell.ghtly convex

L
mat
Flat to elsghtlycmlwc ~

Flat to elightly convex
slightly to Incdarataly Omrrel
Flat to el.ightly (mnvex
Sll@tly to mderately ccmvax
Flat to eli@2y c.onvez

IN
m
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TA1313E3.—~GRfM!A FCEl MEI!KHR&WEIDED TTJB&wmm?Elmmg, EmIE3ti

[U specimens tie with 1-by O.~in. W 4130 tubing and I/k-in. = 4130 plate; see fig. 3J

44X
407

%
41C
4H
412
413
41k
415

I%n. IKLmYt. W?2
Fhetweld 7
Wilson107
AO EMtb S+15
(!hsmp.Blue&m
Westin@ouge SK

Mrco go

Amos IX h

Champ. Alloy Ahc.
,~ld 1

W
.

1/8
1/8
1/8
1/8
1/8
1/8
1/8
1/8
1/8
1/8

-“5
1 I I

I
pQEitiVW

Negative

IfegatlTe
Eegdive
Xegatlve
Eegative
lJeg&ive
Positive
Negatfve

Hew+fve

9>1OC
mo+05
115-120
105-K-LO
1W105
1OO-1M
100-105
1o5-11o
1OO-IM
lmlcyl

2LQ6
22Q4

118-20

22-24

2fH2

‘U-23

18-+0
22Q4
21.-23

Charaoter of fillet weld
!k@lld
dze C(mtcmr
(In. )

7/32
7/32
7/32
7/32
7/32
7/32
7/32
3/16
-f/32
7/32

slightly convex
Blat to Slightl.j Oonvex

Flat to sllghtly convex
Flat to slightly convex
Qlgbtly Co?mmx
Sl@htly oorrfex
SM&tly convex
convex
EUigbtly convex
Sllghtl.y convex

%r each of the ten electrdes, three or four inibta-pl.ate speolmam ware wdded., end then

testedh rotmy bending ICI tlie nwhlne shown in fig. 22. !IIIs test dnta m gfvem in
fig. 31 end table 8.

.z~- bon-steelelectrodes, tests 406-412. A1.loydrcmft electrodes, twfts 413-413.
3Allspecmem weldedmmwdly, with the tube wlted @ fmn the horimntalm rotatea

on its 8XI.S in the welding ~lg shown In fig. 13. l!hewelung tlmeshowll iBforaslllgle
Clrouml?erexrtidfllletimade h one lnoremen~. me initialtaqlelmtureof all speollnens
nas about 700 F. ‘lherewas no lm8t treatment&ter welding.

v

‘7 m I
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Y-. Vilnm 502

‘/6w11. Wslmn w
y64-h Vil,rm 520

?/S2-tn.Vtmm L52a

I/-. Oxmld 7
I/l-. o-la 7
I/l&h. Ihwld 7

i%%: w g

10 nld

h vmld

m
Polal-ltr

mgatlve

n02atlm

--------
-----—-
--------
-------
. ------
-------
—- .-.,

%&

60

#

%

!ii!l
‘T

%2
(m

(17)

-

50+3

X+5

--—-

----
---.-

--—
——

---
—

—-
.—

.* or Iwxet

OomwlJl

Omn t4 flat

Billy Oamm (fig. ‘x)

m= -To (M&+. Q)

K

X-&
lme
Ip

!ltms

(16)

(a7)

II

miw
mm

n

xi
.
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Test

TABLli 5.- WELcmfG w

oFsmm3E,

Type

C&
weld

1! liotohed3 m Oxyaoetyleme

Eotoheak * hyaoetylene

Notohed5 Z3B Arc

F For pre~aa

tes+”6

G IFor ehot- 1770 Aro
peedng teets7

1 1 I

H For revereed~ 569 h
benMmg tests

m.ectroaecm Chwxwter of
Heat tmsabnent

weld rcd fillet
after welding

(2)

@4n. Qmeld 7 I ThraA1.srer fillet; see fig. 17 I mnmal.lmi
---------do -------- I ------------a----” ---------- l’~~~

@-in. Sbalnwld D 3/i6-in. flat fil..let hue

5/64+. Wilson 520 7/32-ti. KkAtfillet x’ione
---------do.------- -------------aO---------------lbm -
---.. ----do -------- --------– ----do --------------- AiU anuealedg

qpw.n. Wihm 520 7/3&in. flat f met None

I 1

3/3Hll. Mth W15 w figB. a ma 3g none

%%AI e test data givw in figs. z6,37, aud S and tables 10 to 13.
2m Rml ~ ~~z~ -ti~ before VSmng; ILO -t ~ed.

% as eeries D, test k80D, exoept with oiroumkwatlal mkh In tube 0.03 In.
~ deep (see fig. 17).

Sam as series D, test M?OD, exoept wltb oticumferemtle.1 notch In tube 0.C130 In.
~ deep (see fig. 17).

9ame .ss seriee D, t9st .Y!3A, exoept with dromferantlal notoh in tube 0.030 in.
6 deep.

fl~ to:eries B epecimem , exoept tith two tubes (see fig. 18).
SBDMss se es B specimens; ehot-p~d alter ~ldhg.

%be=koAube specimem (see fig. 20).
%e.eke% h &irau shot, heated to UJ7’5%600”F for 30 mln, fnrnwe-coolel.

1
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TABLE6.- JMTARY-3ENDITW!I!ESTDATA FOR MAC-

COK!AWIILET TUBE-PLATE SPECDDREl

(BASIC), SERIES A

~e** Loa& Stress

(1) (fl] ?
d.) Cycles Iooation of

3) ●

falhwe

I&l kg 7.0 x 103 4,8(X).Ox 103 NO fail~e

+2 70 10.0 6,500.0 No failure

-3 87 3.2.5 1,800.0 +

4 1Q5 15.0 320.0 T

+ 147 ZL.o 96.0 T

-6 19%? 27.5 , 10.0 T

-7 245 35.0 -5 T

>e stressdata are plotted in i?lg.24.
See fig. H.
%dns3. tension+ -essian stress in tube at
I toe of conoave fillet.
%, failure

fracture
in tube at toe of concave fillet;
sometimes extended into fillet.
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TABLE 7.- EmA2U4Elrmo TEn’nATAFm~lmE—mAm SemMlm, SmrE?3 El

[1- b~ 0. C65-4D. tlmng, l/EMn. plate]

1

Icad Btl’efIa
L31azLticn

Lad s-tress Jimltloq

%-t (lb) (&) C@.e.
of

(2)
I%IblrO

mm! (lb)

(2) %)

Cyc.lee

(4)
Ala

(4)

395 A 3.4 x 1$ 7,6&; X Id EOne 397 ~: X Id I
39 5.6 T 2

3,yJl& x 103 lima

76 10.9 Eu:l T
T:

37 ah
1$ 22.3 34.5

134:4
9!

a%
76 10.9

@.k ?., !
1 .0

13.5 T 105 15.0
156 22.3 2?.7 ~

3W 39 562.7 ~ !? 245 35.0 6.0

39 ;:;
R

1%.5 Tw
105.0

3 8:3
T %9 5.2 789.9

t
T

21L3 T 6.2 219.6 T
10.9 102.8

2
T @ 8.8 22.: T

29.4 7.4 !? 15.0 7?

405
:? 21.o 13:8 T

25 3.6 Y&.: T 182 ~.8 20.8 T
25 3.6 1’ 226

k55:8
z.e 9.7 T

h.6
z 226.3 ;

J:{
%@ 7.6

2. 8-3
WA T

73 70.3 ‘J! ‘1
ti.o 32.1 l’ 13.8 E:{ 3?

&
3%

el.o
49

17.8 T
2JZ.4 TIi

% ::;
1% 22.3 la.1 !?

183.8 T
76 10.9 $.; T 4C?J 25 3.6 170.4 T

103 14.8 T. 5.5
17:1 %

s6.6 T
lx 22.3 T 10.5
e54

T
36.4 3.6 T 1s.0 %: T

4.6
;2 22.3 el.o l’

w 32 333.7 T
32 4.6 e39.1 w

5.6,,. ,
~ ,1 8.3

:;.; , ‘1
T

85 12.1 83:? T
156 22.3 I&o ‘J!

w
o

1 .
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TKBLE8.- MmRf4MDmGm3I!W m~mw+mm SPBm5?m, EmlS &

[1- by O. W?-lLL tubing; l+ti. @.at~

Idoafxklo IKJoBticm

u! w stress
bst C&Oltm or !ceet tJ ‘W C$eles

of
faillme failure

(4) (4)

w 41 4.4 x 103 1, E72.8 X 103 kll 38
1E!8 20.2 48”.7

4.1 x 103 1,63n.o x @ Rmd
:

284
53

l.?::
355.8 T

30.4 28.7 T 65.0 T
;% 20.2

w ~
47.9 T

496.3 T
l?:; 124.2 T 41.2

41.9
6#oo.7

20.2

lkme6

i:

% 30.4
T ;:2

19.6 T!
790.3

150 16.I. 8%0 ;
1.88 20.2 60.3

408- 38 4.1
P

9,431.3 mle
11.9 13h.’r T 413

228
33.’2 T

24.4 26.8 T 1; 12:: p.1 T
247

w 73 7.8 1,290.4
26.4 21.6 T

T
IL*9 yl.o P M+ 130 14.o M.9 T

150 ti.1 MI..7 T 204 Z?.o
265 28.4

49.1 T
30.8 T 2@4 3.4 2?7.1 T

Ml l~o 16.1 70.9 ‘J! 415 IJl 11.g 145.1
228

‘J?
24.4 33.7 T U!8 20.2 48.1 T

!?84 IY3.k l’r.g T

%he data glwn In tli10 table mre wad in the pxqnratlnn of tb.e ocsupxlem fg+ f.

mrlea C epechem, rig. .~.
* pg. 15. =%=

%mInal tenslcm-ccqtremrlcm atrens in tuba at toe of fillet wild.

%, failure in tuba at ton of fillet W31a.

?%

ml mm at llJ900 pel HIth fd.lme T at 242,000 qyolme.
c.ma run d b#30 pfdj no f allmm at 3 180, COOoyolea.

Kbird mm at 5,700 psi, no failure at 3,&30,CMXl o les.
Fcurth run at 7,800 pei, with failure T at h.9$, L oyol.es.
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cd
INW?J2 9.. m~ MT4mnlJttn, Pa42m, AEnmo2xm m+Mnl 2Pzom2m2, ~ 1?

Cj’olma c~lem

!%:: x ‘“

16.7
9.9

94.8
92.6

29.2

13.5

3$3
,

610.D
323.0
2=19.O

Im.o
9$.g

.

506.0

q.o

33.4.0

9tmmm

[f$

:!; ::: x 103

147 21.0
MJ g:;

1% 22.3

:$ ;;:

1% 27.3

147 22.0
3.47 21.o
147 21.0

147 a .0
147 a.o
147 ‘zl.o

147 21.0
147 21.o

147 21.o
147 21.0
147 21.0

147 22..0
147 21.o
147 Z1.o

21.0 x lo3
21.o
’21.0 —
22.0
21.0

.—

--
---

147
147

147
14?

1*T

:%

147
147
147

147

147

147

—

9.9 -

n

26.0
25.0
17.6

S,2
22.0

04.8

E:;

32.4

%i

21.0

21.0

21..O
21.o 23..0

21.o
21,021.0

21.o
21.o 21.0

21.0
a.o21.o

21.o
22.0

21.0

21.o

2Z.O
21..O
P1.o

21.0 ;
29..0

%1 row bendh.!!(.. rig. 22) Oxmpt t.wt 4W, wlxfab W@e * aim Md eagmmiwl
.&d test 7$9 -oh were u ~ted t.umlon.

AvcmmmMthelo@d8=are~0tt0d i112i2. 16. ThOdsta -ue0u0edlapmpsrlu2 m.

~~;~p” ‘“ s~”= D BP=*, rig. 36.

l~easim Strom h tube at toe d fulat (aroept tent 47QI).
%, fUlmW m tabe at toe 02 fll,bt.

P, railure lo pkti at toe or rillet.
w. rau.m.e In -t 02 fillet.

in l-byO.ofs+lll. tube.

. *



NACA TN No. 1262 33

TABIJI10.- ROTJ!RY+XENDINGTEST DATA FOR NOTCHED

TUBF?PIATESPECIMENS,SERIESd

[1- by O.06>in. tube; l/&h. plate]

Tyy3 of Load Stress IOcation
specimen Test (lb) ( Si)

T)
Cycles of

(2) 3 failure

Tapered gas~elded 48oB 150 47.4 x 103 1.2 x 103 Notch

fillet; O.038+n. l~o 47.4 1.1 Notch

notoh (fig. 17) 150 47.4 1.0 Notoh

Tapered -S-welded 506 20 4.8 2534.8 Notch

fillet;O.OS*in. o 30 7.2 278.2 Notch

notch (fig. 17) 55 13.2 158.8 Notch

87 21.0 30.1 Notoh

140 33.6 6.5 Notch

Metal em-welded 523 30 (4) 3791.9 Tube
4

fillet; 0.030-in. 55 13.0 106.7 Notch

notch 87 21.0 39.1 Notch

%2he data given in this table were used in the preparation of
the comparison graph for series E specimens, fig. 26.
2S98 fig. 15.
%ormal tensicm-compression stress at root of notch.
47,2oo ysi in tube at root of 0.030-in. notch; 4,2001s1 in
tule at toe of metal erc weld, where failure took place.

-
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TABLE 11.- ROTARY43ElJDINGmSTDATAFOR KE?I!A&

ARCWELDED SPECHS EmSTREsm

BEFORE FA!EKWE TEST ~ +

Streea Location
@e of Test ~ ( M)

?)
Cyclet3 of

specimen 3 failure
(4)

Sidlar to 64+3 35 5.0 x 103 3,562*2 x lo3 T
t~e B; tested + 70 10.0 321.4 T
m welded + lo5 15.0 3.22.6 T

-6 140 20.0 k5.2 T
-1 172 24.5 38.2 T
4 210 30.0 9.9 T

Shilar to tyye 64W 35 5*O 965.9 T
B; prestressed -5 70 10.0 296.z T
beforefatigue 4 105 15,0 131.4 T
test5 -3 140 20.0 50.9 T

-e 175 25.0 18.0 T
-1 210 30.0 9,8 T

Similar to type 647A 35 5.0 766.4 ‘T
B; annealed 4 70 10.0 169.7 T
mnd prestressed + 105 15.0 28.3 T
befogefatigue -3 140 20.0 5.7 T
beet + 175 25.0 3.7 T

-1

%he data given in this tablewere used in the preparation of the
comparison graph for series F specimens, fig. 37.
2See fig. 15.

%ominal tension-compression stress in tube at toe of fillet weld.
%, failure In tube at toe of fillet weld.
%oaded in tial static tension beyond yield point of tubing
(85,000+0,000 psi)●

ace annealed at 1600°F, then loaded beyond yield point of
tubing (about 45,00w0,000 psi).

.

.

.
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TABLE 12,- ROTARY43ENDll!U3TEST DATA FOR MEl!l!&

ARC+UZOED TUBE-ZWTE SPECIMENS,SEm-

PEENED BEFORE FATIGCTETEST, SERIES &

!l?yyeof
specimen

similar to
typeB; tested
m welded

Emllilarto
@e B;
shot-peaned
before
l!atiguetest

Teat

77*19
-20

+23
+4

770-7
-9
-lo
-18
4
-5
-17
4
-Xl
–3
-12
-13
-2
-14
-8
-15
-16
-1

Loaa
(lb)
(2)

;:
105
140
210
280

3!5
35
53.

;:
70
‘[o

105
lm
140
140
175
210
210
245
245
280
,280

Imation
Stress
( Si)

of

7)
@cles failure

3 (4)

5.0 x 193
10.0
15.0
20.0
30.0
40.0

1,W6.2 X 103
128.2
5399
25.7
6.6
1.8

T
T
T
T
z!
T

5.0
5.0
7*5
7*5
7.5

10.0
10.0
1~.o
15.0
20.0
20.0
25.0
30.0
30.0
35.0
35.0
ko.o
40.0

1,79293
1,142.0

10,000.0
10;000.0

345.9
f+,271.2

153.1
234.0
133.3
g.:

1912

R
3.5
3.2
2.3
2.2

T

3’
m
T
T
T
T
T
T
T
T
T
T
T
T
T
T

w ,
. - .—

*

%he data given in this table were used in the preparation of the
comparison graph for series G specimens, fig. 38.

2S00 fig. 15.

%cmdmal tension-oorapressionstress tn tube at toe of fillet weld.
%, failure in tube at toe of.fillet weld.
NF, no failure.
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.

.

Test

j6$A

-3

4

-5

-1

ARCWELDED TUBUIARl’PInEW3Cm,

SERIESE

31. 7.0 x 103 (4)

u+ 10.0 (4)

44 10.0 369.0 x 103

48 10,8 138.0

48 10.8 171.0

Location of
faihre

(3)

T=

Tb

‘b

‘b

Tb

.
‘see ffg. 23.
‘Nominal.tensi~ompression stress in

long tubes at toe of fillet weld.
%!!, failure in short tube at toe of

fillet weld ((l), fig. 39).
Tb, failure in long tube at toe of
filletweld ((2), fig. 39)t

%atigue machine dltlnot stop auto-
matically when specimen failed; no
cycle reading available.

,

—

.,.
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SAE4140 FORGED

BLANK
.

I

BORE 1.870”1. D.
I
I (0.065” WALL )
I
I ~ iII1 : \1I : t1I “\, 0.25” RADIUS POLlSHED
I I SMOOTH

I I
I

1=$-

#
\* I

.-.-.— .— ----

‘=&=

IHgure 1.- Basic rotary-bending test specimen, series A, machined
from solid bar to simulate welded tube-plate specimens.
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Figure2.- Machinedtube-platespecimens [noweld)forrotary-
bendingtest. Concave-filletspecimen atrightused as s~d
incomparison testswithwelded specimens.

T
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.

.

.

.

●

?
I

b
II

l-x o.oe5”oRI“x0.0s5”SAE4130
s ‘1
* I ~

SEAML~ WSNG

+ 1
I

II I
1 I

I I
I ,1

i
I i

$ORi” SK 4130 FLATS

s
~ II

1“ ! I
8 1

I I I

1? 4“ J
1, I

m g.- Metal-src-welded tube-plate specimenforrotsry-
- test-

GYOLESOF COMPLETELY RSVERSEOS7RESS
IHgure 4.- Rdsry-kding tests of sm-cvelded *-PM qmcmwns,

series B, group 395. Comparison of strength relstlve to sn
srMtrsrg stmdard mschined -m solid bsr. Electrodes, csrbon
steel; initisl tempemiture, 7@ F; tubing, 1-by 0.065-inch
SAE 413~plate, I/S-inchSAE4130testedsswelded.fDstum
Unemnfrom fig. 26.)
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1.5

.

1 1 1 1 11111 r ! I 1 ! 1111 1 r , [ l[q+~ 1 I 1 1 , ,

I Ill
I 11111

IL
o

OYOLES OF COMPLETELY RE~ STRESS

-6.- ~twr- ** ~ -*elded tube-w=SPfxme%
series B, group S69. Comparison of strength relative to an
arbitrary SkldSXd machined from solid bar. Electrodes, carbon
steel; idtisl temperature, 900° F; tubing, 1- by 0.065-inch
SAE41S~plate, l/6-inch SAE 4190;tested as welded.(Datum
Dned fromfig.26.)
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CYOLES OF COMPLETELY REVERSED STRESS

Figure 6.- Rotary-bend@ testsof arc-welded tube-plate specimens,
series B, group 405. Comparison of strength relative to an
arbitrary stamis@ machined fromsoHd~. Electrodes, carbon
steel; hitlal temperature; 7(P ~ tubing, 1- by O.065-fnch
ME 4130;plate,l/6-in&SAE4130;testedstreserelieved.
(Datum line mn from fig. 26.)
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OYOLES W COMPIHELY REVERSED STRESS

Figure 7.- Rotsxy-bending bssts of arc-weldedtube~lstespecimens,
series B, group 396. Compsrimnof s&eI@ relativeb m
=MtrsxyStS@21’dmachimdfromsolidbar.Electrodes,carbon
ste~initialtemperature, 700F; tubing} 1-by 0.065-in2h
SAE41s0;plate, l/?3+lCJl SAE413q tested quenched
(D8tumlinemufromfig.26.]

anddrawn.
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1.5

CYCLES OF COMPLETELY REVERSED STRESS

-8.- Rota.ry-bending tests of arc-welded tube~late specimens,
series B, group 390. Comparison of strengti relative to am
arbitrary standard machined from solid bar. Electrodes, carbon
st~, initial temperature, WI@ F; tubing, 1-by 0.066-5nch SAE
413C$plate, I/S-in& SAE 4190; tested quenched&l drawn.
(Datum liue mn from fig. 26.)
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CYU-ES OF COMPLETELY REVERSEO
STREss

Figure 9.- Rotary-bendingtests of arc-welded tube-plate specimms,
SSriSS B, grOIQ 997. Co?qpsmison Of St2131@ rdatim b Sn
arbitrary standard machhfed from solid bar. Electrodes, alloy
steel; iuitial temperature, 7P ~ tutdng 1-by 0.0S5-inch
SAE 4190;plate,l/WnchSAE419@Wtedaswelded.(Datum
linemnfromfig.26.)

,.3 ~04 ,05 106

CYCLE OF COMPLETELY REVERSED STRESS

r
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Figure 10.- Rote.ry-bmdng tests of arc weldedtibe~latespecimens,
series B, group 999. Comparison of strength relative b an
S.rbitra.rystandard mac$i?led from solid bar. Electrodes, ~Oy
steel; Imisl temperature, W@ Fj tubing, 1-byo.oo5+lcll
SAE41S0;plate,I@-fnchSAE418~t8stedaswelded,(Datum
linemn fromfig.20.)

.

.

,

&



NACA TN NO. 1262

,s

45

.

.

.

~

“:ii
ag

“78
.6

.5 i!

CYCLES OF COMPLETELY -SED STRESS

Figure 11.” Rotsrg-bending tests of arc-welded tube-plate specimens,
series B, group 992. Comparison of strengh relative to an
arMtrary SbJldSXd machhed from solid bar. Electrodes, alloy
stee~ initial temperature, 700 F; tubing, 1-by 0.065-inch
SAE 4190; plate, lfi+ch SAE 4130; tested quenched and drown.
(wtum line m from fig. 26.)
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CYCLES OF COWLETELY KWERSEO ST=SS

Figure 12.- Rotary-bending testsofarc-weldedtiwlate specimens,
seriesB, group 400. Comparison of strength relative to an
aMtrary standard machined from solid bar. Electrodes, alloy
stee~ !nitisl temperature, 3000 F; tubing, 1-by 0.065-h3ch SAE
4190; plate, I/S-inch SAE 4130; tested quenched and drawn.
(Datum line mn from fig. 26.)
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Figure 13.- Weldingjigfor tube-platespecimen.
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ALL SPECIMENS ~DE WITH ~- BY 0.065-IN. SAE 4130
STEEL TUBING AND l/B-l N. SAE X1$O STEEL PIATE,
EXCEPT AS FOLLOWS:

BASIC SPECIMN - FORGED AND MACHI NED FROM
SAE 4140 STEEL TO l/+lN. FLAHGE
AND 1-BY 0.065-IIL TUBE SECTION,
~ ~fiE+/4-l N. SMOOTNCONCAVE

480C2 -

480C1-

472H -

SERIES C - ARC& ELDED TUBE-PLATE SPECIMENS, WI HG
I- BY 0.09s-IN. SAE 4130 STEEL TUBING
AND l/4-l N. SAE 4130 STEEL PLATE

SAME DIMENSIONS AND MATERIAL AS BASIC
SPECIMEN, EXCEPT MACHINED AND HEAT-TREATED
IR ANOTHER GROUP

~fME+S 480C2, EXCEPT WITH l/4-lN. CONVEX

SOLID 1-IN. ROUND SAE 4130 STEEL BARs
~RJ~ELDED TO l/B-lN. SAE4130 STEEL

LOCATION OF FAILURE INDICATED BY ARROW IN SKETCHES
ABOVE:

T FAILURE IN TUBE ATTOEOF FILLET
; FAILURE IN THROAT OF WELD

FAILURE IN PLATE AT TOE OF FILLET
B FAILURE IN K)ND TO PLATE

ALL SPECIMEflS TESTED IN ROTARY BENDING EXCEPT 479A
WHICH WERE TESTED IN AXIAL TENSiQH-COMPRESSION.

THE LOAD usErI IN THE ROTARY+ENDING TEST (SEE
FIG. t5) WAS AS FOLLOWS:

$;lc;PE~iMNS WITH 0.065-IW. TUBE, 147 LB

v I
SWITH 0.09t+lN. TUBE SERIES C), 196 ~

SPECI US WITH NOTCH D TUBE, 6 LB
7SOLIO+AR SPEClldWS 472H). 147 LB

THE LOAD usEo IN THE AXIAL TENslON-COMPRESSION
tEsTOFSPEC{MENS 479A (I- BY o.065-lN. TuBE)

WAS q100-LBTENSIOH AND 4700-LB COMPRESSION

—

.

.

I

.

●

Figure 16. - Repeated-load tests of series D tube-plate specimens.
(Data from tables 4 and 9.)
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Figure 17. - Notched tube-plate specimen for rotary -benm test.
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l“ XO.065° SAE 4130
SEAMLESSTUBING

/ \

SECOND

/ A“FILLET\

- FIRST & FILLET

SPECIMEN FOR
ROTARY-BENDING

/
TEST

PLATE. MACHINED
TO 3+ DIAMETER

+,,

‘i”XO.065°SAE 4130 / GROUP I : SPEGIMENS WELDED
SEAMLESS TUBING , AS SHOWN AT LEFT. U)WER
CUT OFF FLUSH WITH
PLATE FOR ROTARY-

TUEE MACHINED AS SHOWN ABOVE.

BENDING TEST.
SPECIMENS THEN TESIED IN ‘
ROTARY BENDING IN AS - WELDED
CONDITION, WITHOUT PRESTRESSING.

. GROUP 2: SPECIMENS WELDED AS\
SPECIMEN FOR SHOWN AT LEFT, THEN PRESTRESSED

PRESTRESSING IN AXIAL TENSION TO JUST ABOVE

IN AXIAL TENSION YIELD POINT. SPECIMENS THEN MACH-
INED AS SHOWN ABOVE, AND TESTED
IN ROTARY BENDING.

~
GROUP 3: SAME AS GROUP 2, EXCEPT
FULL-ANNEALED BEFORE PRESTRESS-
ING.

Figure 18.- Thibe-platespecimen for rotary-bendingtestafter

55

prestresskg in -al tension.
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(a) AS welded.

.----—*— “-- ~ -----

(b) Shot-peened.

figure19.- Metal-arc-weldedtube-platespecime~ forshot-
peeningtest.
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1“ X 0.065”
SAE 4130
SEAMLESS
STEEL
TUBING 6“

-E=

,---

!

I
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.

\T~BOTH
SIDES AND
WELD IN
SEQUENCE
SHOWN

Figure 20.- Metal-arc-welded tubular pi specimen, seriesH, for
reversed-bending fatiguetest.
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Figure 21.- Arc-weldedtube specimen for

T

bending

61

fatiguetest.
..-=____ -—_
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Figure 22.- Rot%ry-bendhwtestingmachine. ~
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A

.

1!

TEST SPECIMEN RECIPROCATING LOAD
.

PIN-CONNECTED
LOADING CLAMP

PIN-CONNECTED

HINGED ANTI -TILTING CLAMP FIXED CLAMP

Figure23.- Schematicdiagram ofmethod ofloadingtubular pi
specimens,seriesH, toproducereyersedben~= stress
(maximum atweld joints).(Forspecimendimensionsseefig.20.)

I I 1 I I I 1111 I I 1 I I II

“

x 103

CYOLES OF COMPLETELY REVERSEDSTRESS

Figure 24.- Rotary-bendingtestsoftube-platespecimensforgedand
machhed from solidbar,seriesA, foruse as an arbitrarystandard
forcomparisonofthefatiguestrengthofweldedsndnotchedtube-
platespecimensin.serie&B, C, D, E, F, endG. (Seefig.25 for
explanationofuse ofthestandard.)Stan&d spe@nens made
from solidSAE 4140 steelforgings;m@insd todimensionsshown
infigure1 witha l/4-inchsmooth concavefillet;testedafter
nor*hg.
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FIG 26 ISPLOTTEO USING
TNE MOW SATKE

Ftse.4Td%ze#,3i ~ m
FtoTTEo SIMILARLY.

,

~3

Jmwe 25-- Afsthod d Compuling ratb or faiiguestre@h of WuMed to
madnad lube-plats Spmmens. (W Ac’d’e’f’Bg’ is S-N curw
for maddned spWmena., (See fig. 24.) Points c, ~ e, f,.ard g are
Mividoal S-Nvslues for a group of m+ekkd @eciI=M.)
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12WLES W C?MPLETR-Y ~ S~ESS

- 2~.- Rotary-kkfing &te of mtchfd tube-plate spedmerbe,
serlee E, Comparkm of Wren@ Meha to an arbitrary

standard machlmdfx.m eolld hr. T’uMng, 1-by 0.@35-lcch
SAE 41SQ plate, l/B+nch SAE 41s0; notch, es Miw.ted fo graph.
@mWti=atiWti~.4@M,~,Sl,d36
to3$tik@cate fherelatWes tren@ofweMed@n M@d
spdmene tiraference tothemtd~s~mmhlned
fmm sdd tar.)
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FQure 27. - Typical rota~-bentig fatiguefailurein arc-welded

tube-platespecimen. Specimen shown was notched, but failedat

toe of the weld with characteristic fractie.
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CYCLES OF COMPLETELY REVERSED STRESS

ILo

E

Figure 28. - Summary graph of rotary-bending tests of arc-welded
tube-plate specimens, series B. Comparison of strengthrelative
toan arbitrary standard machined from solid bar. Electrod~s,
carbon and alloy steel;initialtemperature, 700 and 3000 F;
tubing, 1-by 0.065-inch SAE 4130; plate, l/8-inch SAE 4130; weld,
5/32 inch with 45° fillet;miscellaneous heat treatments. (Data
from table 7 and figs.4 to 12.)
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Preheat ‘7@ F Preheat 3000 F

Figure 29. - Radiographs of series B tube-plate fillet welds made with - -
5/64-inch Wilson 520 electrodes (plain-carbon steel).
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ot-,
Preheat 7@ F Preheat 3000 F

Figure 30. - Radiographs of series B tube-plate fillet welds made with

5/64 -inch Lincoln Planeweld 1 electrodes (alloy-steel deposit).

~ --. —.



.

.,

m

—

.

.

.



NACA TN No. 1262 75

,~3 ,.4 105 106

CYCLES OF COMPLETELY REVERSEO STRESS

F@re W.- Summsry graph of rotary-banding tests of arc-welded
tube-plate specimens, series C. Comparison of strength relative
to an arbitrary standard MEcbined &om solid &. Electrodes,
csrbon snd sUoy stee~ ImRlaltemperature, 700 F; tubing, 1-by
0.095-inch EWE 413Q plate,l/4-inch ME 413@ weld, 7/32 inch .
with 46° normalfillet;testedss welded. (DWL ~m tg~e 8.)
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.s %
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CYCLES OF COM_LY REVERSED STRESS

Figure 32.- Rotsry-bending testsof arc-weldedtube-platespecimens.
Comparisonofstrenghrelativetoanarbitrarystsndudrmcbined
fromsolidbsr.Relativeextentoffatigue-strengthzoms ofseries
B endseriesC specimens.(Datafromfigs.28end31.)
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~gure 33. - l?racttll?ein axial-tension-compressionplate-tibe-pla~
specimen. Grea&rp~t of fiactie titubeattie of fWet weld.
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Figure 34. - Fracture in axial-tension-compression plate-tube-plate
specimen. Fracture half in tube at toe of fillet, and half through
throat of fillet. ~ .—
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Figure 3!5. - Failureinaxial-repeated-temion plate -tube-
plate specimen.
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CYCLES OF COMPLETELY REVEKSELI STRSSS

I?lgure 36.- Wversaf-etrem teats d tllbe-plwe SWclmme. Com-

. .
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OYGLSS OF CWFiHELY REVSR550 STRESS

Fism’e 3’7.- RotalY-tWKilm tests of KUWtreeed tuh3-n16fesoedmm m.

%

psrlsm of strength ofserlee B, C, D, ~ E ep&imeim ralrtive to - series F. Co@mrhmn ;fs- reldive to au ark?~- sts&d’

an m%krary s~ mmbfned from solid k. (For lden!iflcathu mscMled from solid k. Electrodes, Carkm S&l; inltlxdb3lqxra-
ofmunbered pointeeea t3Me14Emdffg. 16.) tore, 700 ~ tulhg, 1- by 0.065-hmh SAE 413~ plste, l&inc&

SAE 4130.
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I?igure 38. - Rotary-bending tests of. shot-peened tube-plate specimens,
series G. Comparison of strength relative to an arbitrary standard
machined from solid bar. Electrodes, carbon steel; initial tempera-
ture, 7@ F; tubing, 1- by 0.065-inch SAE 4130; plate, 1/8-inch
SAE 4130; no heat treatment after welding.
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Fj.gure 39.- Typicd fatiguefdlures in met.al-~-welded pi specime~.
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